To develop a practical, readily applied algorithm for primary health care providers to identify, evaluate, and manage constipation in children with autism spectrum disorders (ASDs).
Approximately 1 in 110 children fulfills the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, diagnostic criteria for autism spectrum disorders (ASDs): delayed or abnormal social interaction, language as used in social communication, and/or restricted repetitive and stereotyped patterns of behavior, interests, and activities. 1, 2 Over the past quarter century there has been an increased recognition of medical comorbidities among children and adolescents with ASDs, including unresolved and troubling gastrointestinal (GI) concerns, such as diarrhea, gastroesophageal reflux-like symptoms, and constipation, among others. GI symptoms in children with ASD can be atypical and manifest merely as a change in behavior, thus presenting a significant challenge to both parents and health care providers. 3 Within this context, recognition and treatment of these disorders in children with ASDs are generally accepted to be relatively understudied and ill defined. 3 A previous report provided review of the literature and consensus recommendations related to children with ASDs suspected of having a GI disorder, including constipation. 3 In addition, a comprehensive, evidence-based evaluation and treatment algorithm for children aged 1 year and older with constipation was developed by the Constipation Guideline Committee of the North American Society of Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN). 4 Although these documents are of significant importance, the previous reports do not provide a clinical pathway for the treatment of constipation in ASD or other neurodevelopment abnormalities. Additionally, the usefulness of the NASPGHAN guideline in children with ASD has not been evaluated.
The Autism Treatment Network (ATN) was founded in 2005 with a goal to increase understanding and improve care of children with ASDs. With the marked increase in the incidence of ASDs combined with lack of published data on the management of GI disorders in this subset of children, the need to develop guidance for the primary care practitioner has become even more pressing. In the absence of relevant data to develop evidence-based guidelines, it was determined that expert opinion would be a helpful initial endeavor.
In response to this concern, the ATN convened a committee of pediatric gastroenterologists and developmental pediatricians to develop evaluation and management recommendations for children with ASD and constipation. Given that GI disorders are a major comorbidity of ASD, the ATN GI committee identified recognition, accurate diagnosis, and management of constipation as a priority issue for parents of children with ASDs and challenge to health care providers. 3 To prospectively study GI problems in children with ASDs, the ATN field tested a symptom questionnaire that identified constipation as a major problem.
METHODS
The ATN Gastroenterology Committee, consisting of pediatric GI specialists representing 14 sites as well as 2 developmental pediatrician representatives, gathered to address the challenge of constipation in children with ASD. Because of a paucity of data focusing on constipation in children with ASD or with other neurodevelopmental disorders, the ATN Gastroenterology Committee used the NASPGHAN evidencebased guideline and algorithm for constipation as an initial template. 4 The algorithm was modified to meet the needs of clinicians serving children with autism. In addition to development of an ASD-specific algorithm and accompanying text, a complementary "checklist" was developed as a practical tool. A checklist, unlike the more comprehensive algorithm and text, was designed specifically for practicality and application during clinic visits with the child with ASD.
Algorithm Development
The adaptation of the NASPGHAN guidelines for this algorithm was completed in 2 stages. First, the ATN Gastroenterology Committee members modified the original guidelines by consensus, expert opinion through a series of teleconferences, and face-to-face meetings. The draft documents were reviewed by ATN developmental pediatricians and subsequently revised. Second, the ATN selected 4 pilot sites (University of Arkansas for Medical Sciences and Arkansas Children' s Hospital, Cincinnati Children' s Hospital Medical Center, University of Colorado Denver School of Medicine, and the University of Rochester Medical Center) consisting of autism health care providers (not GI specialists) who tested the feasibility of the algorithm over a 6-month period in an effort to identify points of concern; the intent was not to validate the algorithm. The pilot sites participated in monthly conference calls to provide updates, understand variance, and recommend changes to the algorithm. Working with the National Initiative for Children' s Health Care Quality, the GI specialists refined and finalized the algorithm based on the feedback from the pilot sites and developed a 1-page checklist designed to guide care providers through the algorithm.
Literature Review
To ensure that relevant evidence was not omitted from the algorithm, an ex post facto systematic literature review system was used to identify evidence with regard to the treatment of constipation in children with autism. The OVID, CINAHL, Embase, Database of Abstracts and Review, and the Cochrane Database of Systematic reviews databases were searched for applicable materials. The 6 Control group of 5 girls and 28 boys; aged 2-15 y. Control group not used to compare GI sx.
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searches were limited to primary and secondary research conducted in humans, published in the English language, involving children aged 0 to 18; published between January 1995 and July 2010. Individual studies were graded by using an adaptation of the GRADE system 5 (Table 1) by 2 primary reviewers (K.K. and R.P.) and then reviewed by a content expert (A.K.) for consensus. Any discrepancies were resolved by an unaffiliated third party. 
RESULTS

Algorithm
The algorithm describes 10 steps in the evaluation and management of constipation in children with ASD (Fig 1) . A smooth-edged box indicates a starting or ending point, a sharp-edged box indicates a predefined process or specific action, and a diamond shape indicates a point of decision. The items in the accompanying text are points of elaboration whose number corresponds to the algorithm item number (Table 2) . To facilitate practical implementation of the algorithm during the patient-health care provider interaction, the Constipation Checklist summarizes key steps (Table 3) to be completed during the visit. Children with ASD often have unusual oral texture and/or taste surgeries, delayed growth and development, sensitivity to cold, coarse hair, dry skin, recurrent urinary tract infections, daytime urinary incontinence • Developmental history: normal, delayed, school performance • Psychosocial history: psychosocial disruption of child or family, interaction with peers, temperament, toilet habits at school Physical examination of children with constipation: General appearance, vital signs (temperature, pulse, respiratory rate, blood pressure, growth parameters), head, ears, eyes, nose, throat, neck, cardiovascular, lungs and chest, abdomen (distension, palpable liver and spleen, fecal mass), anal inspection (position, stool present around anus or on clothes, perianal erythema, skin tags, anal fissures), rectal examination (anal wink, anal tone, fecal mass, presence of stool, consistency of stool, other masses, explosive stool on withdrawal of finger, occult blood in stool), back and spine examination (dimple, tuft of hair), neurologic examination (tone, strength, cremasteric reflex, deep tendon reflexes) Red flags include fever, abdominal distension, anorexia, nausea, vomiting, weight loss, or poor weight gain, which could be signs of an organic disorder. Red flags also include symptoms indicative of needing treatment by nasogastric tube. 2a
If red flag workup indicates treatment or referral not related to GI issues, complete this treatment or referral to appropriate specialist (eg, pediatric gastroenterology, endocrinology). Continue to treat constipation by following algorithm steps. 2b 3
Failure to thrive, abdominal distension, lack of lumbosacral curve, pilonidal dimple covered by a tuft of hair, midline pigmentary abnormalities of the lower spine, abnormal lower extremity neurologic findings, reflexes 4
Fecal impaction is defined as a hard mass in the lower abdomen identified during physical examination, a dilated rectum filled with a large amount of stool found during rectal examination, or excessive stool in the colon identified by abdominal radiography. Disimpaction Tips Oral and rectal treatments for disimpaction are both effective. The preferred treatment of the child should be determined through discussion with the family and child. Because of the sensitivities to taste and/or texture often seen in individuals on the spectrum, treatments with little taste or that can be flavored to suit the patient are preferred. Kristalose and Miralax are effective treatments and generally well accepted by this population. When using rectal treatments, suppositories are effective and recommended, especially in low-functioning children. One of the following is recommended when the oral route is selected: (1) use of an oral electrolyte solution with the laxatives, (2) the listed laxatives used alone, or (3) the listed laxatives be used in combination for initial disimpaction. Rectal disimpaction may be performed with saline enemas, or mineral oil enemas. These enemas are widely used and are effective. The use of soapsuds, tap water, or magnesium enemas is not recommended because of their potential toxicity. 5
Behavior modification and establishment of regular toilet habits is a requirement for effective treatment. Toilet time scheduled 15-20 min after meals may take advantage of the gastrocolic reflex and improve success. This can also help the patient learn to recognize normal body sensations that are associated with need for defecation. It is also important to use appropriate reinforcers (eg, praise, stickers, preferred activities). Diaries are useful for tracking progress. Close follow-up with the family, by phone or office visit, helps the clinician provide the family with needed encouragement and reinforcement as well as adjustment of the treatment schedule or medications. Maintenance Therapy After successful treatment of impaction, and establishment of regular toilet habits, long-term maintenance is needed. This includes dietary change to ensure appropriate fiber and fluid intake. This may require nutritional consultation and consideration of the patient' s sensitivities to various foods. Relapse or treatment failure is most commonly associated with inadequate dosing of maintenance laxatives or premature discontinuation of treatment.
Caregivers should be informed of the need for several months of treatment. Colonic transit time: Some patients have a history of infrequent bowel movements but have no objective findings of constipation. The history obtained from the parents and child may not be entirely accurate. In these patients, an evaluation of colonic transit time with radiopaque markers may be helpful. The quantification of transit time shows whether constipation is present and provides an objective evaluation of bowel movement frequency. If the transit time is normal, the child does not have constipation. If the transit time is normal and there is no soiling, the child needs no further evaluation. In children who have soiling without evidence of constipation, the best results have been achieved with behavior modification, but in some instances, psychological evaluation and treatment may be necessary. If the transit study is abnormal or fecal impaction is present, further evaluation is needed. When there is objective evidence of constipation and it is refractory to treatment, it is important to consider Hirschsprung disease.
2-9
These boxes should be repeated on provider' s clinical judgment until it is most reasonable to conduct blood tests to evaluate for other conditions. 8
Please see medication descriptions in Table 4. sensitivity. This sensitivity might adversely affect compliance with certain of the medications used in neurotypical children, requiring health care providers to try different medical regimens (Table 4) .
Literature Review
A total of 1528 articles were located. After removing review articles, commentaries, case studies with an n of fewer than 10, nonintervention trials, and reports that did not address our target questions, 2 articles remained (see Table 1 ).
Algorithm Testing Results and Discussion Points
The The sites reported that the final algorithm was readily applied and did not interrupt the clinic flow of the autism specialist. When treatment was deemed effective, long-term follow-up was done by either the primary care provider or care continued to be provided by the autism specialist.
Most patients required medication adjustments in follow-up visits, which indicates the importance of follow-up, particularly because pharmaceutical and dietary management have such a central role in the treatment of chronic constipation. Not surprisingly, the only referrals deemed necessary were to a pediatric gastroenterologist.
DISCUSSION
Clinical experience and review of the literature indicate constipation to be a significant problem in children with ASD; however, data on the spectrum of clinical manifestations, prevalence, and best approach to evaluation and treatment are lacking. The goal of this group, including the ATN Gastroenterology Committee, the test sites, and members of the National Initiative for Children' s Health Care Quality, was to develop a practical and effective algorithm and checklist for the evaluation and management of constipation in children with ASD by the primary care practitioner. Within this context, any child with ASD and signs or symptoms (including atypical) consistent with the possibility of constipation should undergo an evaluation as defined in the algorithm and with the use of the checklist. Examples of atypical behaviors include selfabusive behavior (biting or hitting oneself, head banging) or posturing, such as bending over furniture, grimacing, holding the abdomen, squeezing the legs together, walking around with a narrow gait to hold stool in. Based on the outcome of the initial evaluation per the algorithm, referral to a GI specialist may or may not be indicated. Our experience from the field-testing component of the algorithm indicated that the algorithm is readily usable and did not interrupt the flow of the clinic. The fact that most children responded to the modified algorithm suggests that they have "functional" constipation (not caused by an otherwise known pathologic reason) as is true in neurotypical children. Additionally, it was evident that most of the children, even some with encopresis, could be managed by non-GI specialist health care providers with the assistance of the presented paradigm. Regular follow-up (either by phone or clinic visit) to document continued response to the regimen was found to be critical for success. Identifying SUPPLEMENT ARTICLE nonresponders early and changing to an effective regimen in a timely manner also proved to be crucial for ongoing success.
There was, however, a definite subset of children, particularly those on the severe end of the ASD spectrum, who failed to respond to standard therapy. These children with lower cognitive abilities appeared to have difficulty correctly interpreting normal physiologic cues, such as rectal distension with stool, but this remains to be clarified. Some of these children displayed classic withholding behaviors, either from past unpleasant experiencewithdefecationor true rectosphincteric dyssynergia from never having learned the correct defecation dynamics of abdominal muscle contraction and anal sphincter relaxation.
The process of developing this algorithm and checklist, as well as clinical experience of the ATN Gastroenterology Committee gastroenterologists, identified certain important challenges in assessment and management of children with ASD and constipation. Often the only presentation is a change in baseline behavior and not the typical straining,passing hard infrequent stools, and soiling. Evaluation of the child with ASD by routine abdominal and/or rectal examination can be difficult or not possible, leading to reliance on clinical history and characteristics of the child' s bowel pattern. Radiographic assessment is frequently obtained to determine whether a fecal mass in the rectum or excessive fecal load is present. The effectiveness of many standard medical therapies for constipation might be severely constrained because of the volume, texture, or taste sensitivities in children with ASD. The available literature is small, and only 2 articles even reached the level to address the target concerns, indicating the need for high-quality research in this field. As a result, the health care provider, with input from parents, may need to be creative and try various therapeutic agents with the aim of identifying one to which the child will comply. There was consensus opinion that the child with ASD and constipation should initially undergo evaluation and management as per the algorithm presented. Those who do not respond to this should then be referred to a gastroenterologist.
CONCLUSIONS
As the literature on evaluation and management of constipation in children with ASD is quite scant, development of the algorithm was based largely on modification of the NASPGHAN Guidelines and expert opinion and further complemented by input after field testing. Until such time as evidence becomes available to further define the best approach, we recommend that the current algorithm with accompanying text and, as a practical, clinic-based tool, the checklist be incorporated into routine care of children with ASD and constipation. 
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